The effect of aging on microvascular density and plasticity in the rodent hippocampus, a brain region critically important for learning and memory, was investigated in F3443BN rats. Capillary density and angiogenesis were measured in three regions of the hippocampus in young and old rats and in old rats administered growth hormone, a treatment that improves cognitive function in older animals. Animals were housed under control conditions or in hypoxic conditions (11% ambient oxygen levels) to stimulate vascular growth. Our results indicate that aging is not associated with a reduction in hippocampal capillary density. However, aged animals demonstrate a significant impairment in hypoxia-induced capillary angiogenesis compared to young animals. Growth hormone treatment to aged animals for 6 weeks did not alter hippocampal capillary density and did not ameliorate the age-related deficit in angiogenesis. We conclude that aging significantly reduces hippocampal microvascular plasticity, which is not improved with growth hormone therapy.
A GING is associated with deficits in several aspects of cognitive function. In particular, data from human, nonhuman primate, and rodent studies demonstrate specific impairments in learning and memory with advancing age (1, 2) . Although recent investigations have advanced our understanding of age-related alterations in brain function, the etiology of these impairments appears to be complex and remains incompletely understood. Many previous studies of these age-related deficits have focused on alterations in various aspects of neuronal anatomy and physiology, including dendrite structure (3) and proliferative capacity (4) . However, proper functioning of these principle cells is critically dependent on the cerebrovasculature to supply oxygen and energy substrates needed to fuel their activities. Age-related alterations in the structure or function of the cerebral vasculature could hinder the delivery of these substances to the brain and therefore contribute to decreased neural function.
The density of microvasculature, including precapillary arterioles and capillaries, in the brain is a necessary component of several fundamental aspects of cerebrovascular function. Microvascular density is an important determinant of the capacity for blood flow through a region of brain tissue, and there is a strong correlation between capillary density and local regional blood flow (5) . The density of microvessels in the brain also reflects the surface area that is available for the exchange of oxygen, nutrients, and waste products between brain tissue and blood and determines the diffusion distance these substrates must traverse in the course of this exchange. Furthermore, several laboratories have reported the presence of specific growth factors that are produced in the vasculature, such as nerve growth factor (NGF), insulin-like growth factor 1 (IGF-I), and brainderived neurotrophic factor (BDNF), suggesting that vasculature exerts a trophic influence on surrounding tissues (6) (7) (8) . Therefore, maintenance of vascular density within the brain is crucial for proper blood flow, access of tissue components to blood-borne metabolic supplies, and trophic support. Although a number of previous investigations have compared cerebral capillary density in young and aged brains (9) , the results of those studies include reports of increased, decreased, and unchanged capillary density with aging. Thus, these studies have provided no compelling consensus on how aging affects this parameter, and further investigation is needed to address this important issue.
In addition to capillary density, plasticity of the microvasculature is an important component of cerebrovascular function. Microvascular plasticity is necessary for matching sustained alterations in metabolic demand with blood flow and to restore blood flow after pathological insults, such as stroke, where alternate delivery pathways must be developed to ensure blood reaches a specific region of the brain. In addition, recent evidence suggests that neuronal plasticity in the adult brain may be intimately associated with the microvasculature such that neurogenesis occurs at a ''neuroangiogenic interface'' where vascular and neural cell growth are regulated by similar mechanisms (10) . Several studies suggest that vascular plasticity is reduced with aging in some tissues, such as skin and hind-limb vasculature (11) (12) (13) (14) , but few of these investigations have focused on plasticity of cerebral microvessels, and no studies have assessed age-related alterations in microvascular plasticity within the hippocampus, a brain region critical for learning and memory function.
In the present study, we assessed capillary density within three subregions of the hippocampus (CA1, dentate gyrus [DG] , and CA3) in adult and aged rats under control conditions and following 4 weeks of chronic hypoxia, a physiological challenge that has been shown to elicit significant capillary angiogenesis in the adult rodent brain (15, 16) . Additionally, some aged rats were treated with twice-daily injections of growth hormone, which we have previously demonstrated results in increased hippocampal synaptic plasticity, increased hippocampal glucose utilization, and improved performance on hippocampally-dependent tasks of spatial learning (17, 18) .
MATERIALS AND METHODS

Animals
Twenty-five young (4-month-old) and aged (30-monthold) F3443BN rats were obtained from the National Institute on Aging colony at Harlan Sprague Dawley (Indianapolis, IN). The aged rats were randomly divided into two groups with one group (OldþGH) receiving twicedaily subcutaneous injections of recombinant porcine growth hormone (300-lg injection; Alpharma, Victoria, Australia), whereas the others received vehicle only (Old). The young animals also received injections of vehicle on the same schedule. Injections began 2 weeks before the animals were transferred from their home cages to the specially designed chambers (described in the Hypoxia section) in which they were housed for the remainder of the study. Injections continued throughout the duration of the experiment for a total of 6 weeks. Animals were housed on a 12-hour light/dark cycle with food and water provided ad libitum. Animal care was conducted in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals, and this study was approved by the Institutional Animal Care and Use Committee.
Hypoxia
Exposure to normobaric hypoxia was achieved through the use of custom-designed animal chambers. The chambers consisted of a standard polycarbonate cage (19 in 3 10.5 in 3 8.5 in) with a removable Plexiglas top made air-tight with weather-stripping. An air-gas access port was provided on one end of the cage, and vents were provided on the opposite end. Air flow through the chambers was provided by air pumps. Nitrogen was mixed with room air to a final ambient oxygen level of 11% inside the chambers. An oxygen sensor (Maxtec, Salt Lake City, UT) was introduced through a fitted port into the chambers one to two times per day to assess the oxygen level inside the chamber, and adjustments to nitrogen gas flow were made as necessary. Hypoxia was induced gradually by decreasing the ambient oxygen level in the chambers by 1.5% per day for the first 7 days and was maintained at 11% from day 7 through day 30. Chambers were cleaned every other day to reduce ammonia levels. During cleaning and injections, animals were exposed to room air for very brief periods (,5 minutes). Normoxic animals were kept in similar chambers in which the ambient oxygen level was maintained at 21% throughout the experiment.
Measurement of Capillary Density
At the end of the study, animals were anesthetized with ketamine (80 mg/kg) and xylazine (12 mg/kg), and blood was collected for determination of hematocrit and serum IGF-I levels. The animals were then perfused through the left ventricle at a rate of 30 mL/min with 378C phosphatebuffered saline (PBS) for 2 minutes followed by cold 4% paraformaldehyde in 0.1 M phosphate buffer for 10 minutes. Brains were immediately removed and postfixed in buffered 4% paraformaldehyde overnight. They were cryoprotected in a series of graded sucrose solutions, blocked at the frontal pole and cerebellum, and frozen in OCT compound for cryostat sectioning. Cryostat sections of 40 lm thickness were cut through the entire extent of the hippocampus and stored free-floating at À208C in cryoprotectant solution (25% ethylene glycol, 25% glycerol, 50% 0.05 M phosphate buffer) for subsequent immunostaining and analysis.
From each brain, three cryostat sections from the dorsal hippocampus were chosen to be immunostained and used for vessel density analysis. Selection of these three sections was standardized to common anatomical markers so that vessel analysis was performed in similar anatomical space in all animals. The first section was 1.2 mm caudal to the rostral pole of the hippocampus; the second and third sections were 800 lm and 1600 lm caudal to the first, respectively. Immunostaining of these sections for visualization of vessel morphology was accomplished using a primary antibody to Rat Endothelial Cell Antigen (RECA) and the avidin-biotin horseradish peroxidase system with diaminobenzidine (DAB) for final visualization. Briefly, sections were washed in PBS for 15 minutes, after which endogenous peroxidase activity was quenched with 0.1% H 2 O 2 in PBS for 30 minutes. Sections were washed again and blocked in PBS containing 5% horse serum and 0.25% Triton X for 1 hour. After incubation in blocking solution containing primary antibody (mouse anti-RECA at 0.1 lg/ mL; Serotec, Raleigh, NC) overnight at 48C, sections were washed and incubated for 1.5 hours in secondary antibody solution containing 1:400 horse anti-mouse biotinylated antibody (rat adsorbed; Vector Laboratories, Burlingame, CA) with 3% horse serum in PBS. Following another wash, the sections were incubated in avidin-biotin-peroxidase complex (ABC Elite Kit; Vector Laboratories) for 1 hour and washed again. Antibody labeling was visualized using a 3,39-DAB substrate kit (Vector Laboratories). After the visualization reaction was complete, the sections were washed again and stored in cryoprotectant at À208C.
Capillary density was assessed by measuring capillary length per unit volume in CA1, DG, and CA3 of each animal. Measurement was performed using the Neurolucida system for quantitative morphology (MicroBrightField, Colchester, VT) and an Olympus BX50 microscope fitted with Nomarski differential interference contrast (DIC) optics. This computerized system allowed concurrent visualization, tracing, and measurement of capillaries through the entire 40-lm thickness of the tissue section. Sections were mounted free-floating in cryoprotectant solution onto microscope slides and cover-slipped. In each section, a sampling box of approximately 500 lm 3 300 lm was outlined within each region of interest ( Figure 1 ). The square area of this box was then multiplied by the section thickness to calculate the volume of the sampling box. Within each of these sampling boxes, all capillaries (defined as stained vessels 10 lm in diameter) were viewed with a 403 objective (numerical aperture ¼ 0.75) and traced in their entirety using the Neurolucida tracing function. The total length of all capillaries within a sampling box was then divided by the volume of the sampling box to arrive at the density value for that sampling box. Density measurements from the three hippocampal sections were averaged to estimate the capillary length per volume of each subregion of the hippocampus.
In addition to measuring capillary density, the Neurolucida system was also used to assess the total volume of each region within the dorsal hippocampus. For this measurement, seven sections, 320 lm apart, were selected from within the same dorsal hippocampal space analyzed for capillary density. In each section, the entire extent of each subregion was outlined using the tracing function of the software to determine its area. The area of each region was then multiplied by the section thickness to calculate the volume of the subregions in that section. The volume measurements from all seven sections were then used to calculate the total volume of each subregion within the dorsal hippocampus.
Measurement of Serum IGF-I
To verify biological activity of the subcutaneously injected growth hormone, blood collected at the time of death was used to determine circulating levels of IGF-I as previously described (19) . Briefly, IGF-I (Bachem, Torrance, CA) was radiolabeled using the lactoperoxidase, glucose oxidase method and purified on a Sep-Pak silica cartridge (Waters, Milford, MA). Serum IGF-I was extracted in acidethanol and measured by radioimmunoassay. Materials for analysis of IGF-I were generously provided by Dr. A. Parlow from the National Hormone and Peptide Program.
Data Analysis
Initial analysis of the data consisted of two-way analysis of variance to determine if there was an effect of age, hormone treatment, or hypoxia on capillary density in each subregion of the hippocampus. If a main effect was detected, the Student-Newman-Keuls post hoc analysis was used to determine differences between groups. A difference between groups was considered statistically significant if the p value of the comparison was , .05.
RESULTS
General
As reported in other studies using hypoxia in rodent models (15, 16) , the hypoxic animals in this study exhibited two characteristic physiological responses: modest weight loss and polycythemia. Following 4 weeks of normobaric hypoxia, the Old and OldþGH animals weighed 528 6 6.8 g and 532 6 19.7 g, respectively, compared to the normoxic Old and OldþGH animals (593 6 18.4 g and 583 6 20.4 g, respectively). This represents a 10% loss of body weight for both of these hypoxic groups. In the young animals, hypoxia did not result in significant weight loss (normoxic Figure 1 . Example of sampling method used for measurement of capillary density in three subregions of the hippocampus. For each animal, this sampling method was applied to three cryostat sections from within the dorsal hippocampus. The density of capillaries in a given subregion was calculated by averaging the measured densities from the three sections. DG ¼ dentate gyrus.
Young ¼ 328 6 10.7 g; hypoxic Young ¼ 335 6 19.8 g). Regardless of age, all hypoxic animals demonstrated a similar, significant increase in hematocrit compared to their normoxic counterparts (Figure 2A) .
Under control conditions, administration of growth hormone to aged animals increased serum IGF-I 19.0% above that of young, saline-treated animals (p ¼ .028) and 19.4% above that of aged, saline-treated animals (p ¼ .025) ( Figure  2B , solid bars). There was a similar response in the hypoxic animals, but this trend did not reach statistical significance ( Figure 2B, striped bars) . These results demonstrate that the subcutaneously delivered growth hormone was biologically active in the aged animals receiving this therapy. No differences in serum IGF-I were detected between the Young and Old saline-treated groups, regardless of oxygen status ( Figure 2B , light gray vs black bars)
During the course of the study, one hypoxic Old animal suffered a cortical infarct and one hypoxic OldþGH animal exhibited severe hydrocephalus. These animals were excluded from data analysis. A, There was no effect of aging or growth hormone treatment on hematocrit under control conditions (solid bars). In all age groups, hypoxia resulted in a significant increase in hematocrit (*p , .001 vs normoxic animals within age group). The Old, hypoxic animals exhibited a significantly higher hematocrit compared to hypoxic Young and OldþGH animals ( # p , .02). B, There was no effect of aging or hypoxia on serum IGF-I levels (light gray vs black bars). Under control conditions, administration of growth hormone to aged animals significantly increased serum IGF-I (*p , .03 vs young and aged saline-treated animals). There was a similar trend under hypoxic conditions, but this trend was not statistically significant. Data in A and B represent 3-5 animals/group. Error bars ¼ standard error of the mean.
Capillary Density
Because our analysis of capillary density is sensitive to alterations in hippocampal volume as well as differences in capillary length, initial analyses considered the volume of each subregion of the hippocampus. Analysis of these data revealed no difference in the volume of any hippocampal subregion among Young, Old, and OldþGH animals under control conditions (data not shown, p ¼ .105-.805), and hypoxia did not alter hippocampal volumes in any age group (data not shown, p ¼ .063-.852).
Examples of hippocampal sections from the six experimental groups compared in this study are shown in Figure 3 . The photomicrographs show portions of the CA1 and DG regions for comparison, and analysis of capillary density is summarized in Figure 4 . The data indicate that under control conditions there was no effect of aging on capillary density in any of the subregions analyzed ( Figure 4A-C, solid bars) . The aged animals to which growth hormone was administered exhibited marginally higher capillary density throughout the hippocampus compared to the saline-treated aged animals; however, this trend was not statistically significant for any of the three subregions.
Following 4 weeks of chronic hypoxia, young animals exhibited significant capillary angiogenesis in all subregions of the hippocampus and showed significantly higher capillary density in these subregions compared to both groups of aged animals ( Figure 4A-C, hatched bars) . In contrast, Old animals showed significant angiogenesis only in DG and CA3, whereas the OldþGH group only showed significant capillary growth in the DG. There were no significant Figure 3 . Representative photomicrographs of hippocampal vasculature. Images include the CA1 and dentate gyrus (DG) subregions (CA3 regions are not shown). Vessels were immunostained using a primary antibody to Rat Endothelial Cell Antigen (RECA). Analysis revealed no effect of aging or growth hormone administration under normoxic conditions. Following hypoxia, young animals exhibited significantly higher capillary density in all three hippocampal subregions compared to both groups of aged animals. differences in posthypoxic capillary density between salinetreated and growth hormone-treated aged animals in any hippocampal subregion. When the results from each experimental age group (Young, Old, OldþGH) were expressed as the percent difference in capillary density between the normoxic and hypoxic animals ( Figure 4D ), the differences in the angiogenic responses of these groups were evident. Young animals were able to increase capillary density in all subregions of the hippocampus by 35%-40%. In contrast, aged animals showed regional variability in capillary growth, with a maximum increase of 20% in the DG, 15% in CA3, and only 6%-7% in CA1. The aged animals to which growth hormone was administered also showed regional variation in angiogenesis with hypoxia and exhibited overall less capillary growth than either the Young or Old groups.
DISCUSSION
This study focused on two critical aspects of cerebrovascular status in the aging brain, the density of capillaries and the capacity for capillary growth. These variables were measured in the rodent hippocampus, a brain structure intimately involved in learning and memory function. Our results demonstrate that, under basal conditions, aging is not associated with decreased capillary density in the hippocampus. However, when challenged with 4 weeks of chronic hypoxia, aged animals exhibit an impaired capacity for capillary growth. The data also demonstrate that administration of growth hormone, a treatment that has previously been shown to improve hippocampal function in aged animals, does not alter capillary density and does not increase hypoxia-induced capillary angiogenesis in aged animals.
Capillary Density
The length of capillary per unit volume of brain tissue represents at least three fundamental parameters of cerebrovascular function. First, capillary density determines the inherent capacity for blood flow through a given volume of brain tissue. Other factors being equal, a higher density of vessels will result in greater perfusion volume. Second, the Figure 4 . Results of capillary density analysis in CA1 (A), dentate gyrus (DG) (B), and CA3 (C) subregions of hippocampus. Under control conditions, no effect of aging or growth hormone treatment was detected in any hippocampal subregion (solid bars). Following 4 weeks of hypoxia, only young animals experienced significant capillary angiogenesis in every subregion (*p , .001, normoxic vs hypoxic). Old animals exhibited significant vessel growth in DG and CA3 (*p , .001 and p , .02, respectively, normoxic vs hypoxic) whereas the OldþGH group showed increased capillary density only in the DG (*p , .04, normoxic vs hypoxic). In all subregions, young animals demonstrated higher posthypoxic capillary density than both groups of aged animals ( # p , .02 vs Young, hypoxic). There were no differences in posthypoxic capillary density between the Old and OldþGH groups in any subregion. Data in A-C represent 3-5 animals/group. Error bars ¼ standard error of the mean. D, Percent increase in capillary density between the normoxic and hypoxic animals of each age group. Young animals show robust vessel growth in response to hypoxia compared to both groups of aged animals. density of microvasculature reflects the amount of surface area that is available for the exchange of oxygen and nutrients between blood and brain parenchyma. The brain has limited storage capacity for these essential items and relies on the vascular system for a constant and consistent supply. The capillary wall is the interface across which this exchange takes place; therefore, the amount of capillary present in a given volume of tissue determines the extent of this vital interface. Lastly, capillary length per volume, along with capillary diameter, dictates the distance that exists between microvessels in a given volume of tissue. This intercapillary distance reflects how far oxygen and nutrients must diffuse from the vasculature to reach a given cell in the tissue and thus impacts the rate at which this exchange can take place. In addition to the fundamental relevance of microvascular density to cerebrovascular function, recent evidence suggests that vasculature exerts a trophic effect on surrounding tissue through the synthesis and secretion of several neural growth factors including NGF, IGF-I, and BDNF (6) (7) (8) . Any alteration in the density of the vasculature could therefore impact trophic support as well. Therefore, it is conceivable that age-related alterations in microvascular extent could contribute significantly to impaired cognitive function.
A number of previous studies have compared the density of capillaries in young and aged brains. These investigations include measures of capillary density in a wide range of brain regions in both humans and animal models [see (9) for review]. Unfortunately, these studies have reported disparate conclusions, even within the same brain region of the same experimental animals, and have provided no clear consensus on the effect of aging on cerebral capillary density. For example, in several studies of the rat occipital cortex, aging was associated with an increase (20) , no change (21), or a decrease (22) in capillary density. Although there are numerous possibilities to explain the disparity of these reports, it is clear that additional investigations are needed to address the effect of aging on cerebrovascular density. To this end, the current study used a rigorous, computer-aided, three-dimensional technique to analyze the density of capillaries in specific regions of the rodent hippocampus, a brain area intimately involved in learning and memory function and in which we have previously demonstrated significant age-related dysfunction (17, 18) . Using this approach we were able to simultaneously visualize and trace all capillary structures that were present within defined areas of a 40-lmthick brain section. This allowed the direct sampling of capillary density in each hippocampal subregion. Only the amount of sampling (i.e., the number of sections used and the size and number of sampling boxes used) presented any limitation to directly measuring the true capillary length per volume of this brain structure. Using this methodology, we show that aging is, in fact, not associated with altered capillary density in the rodent hippocampus.
The conservation of capillary density found in the current study suggests that, in aged animals, the inherent capacity for blood flow and nutrient exchange in this brain region is not limited by capillary density. However, there are other structural alterations in microvessels that occur with aging that could compromise both blood flow and exchange capacity in the brain [reviewed in (23) and (24)]. For example, there are reports of increased basement membrane thickness in the capillaries of aged brains (25, 26) , which could inhibit the transport of diffusable and transported substances across the blood-brain barrier. There also appears to be an increase in the tortuosity or twisting of microvessels in the aged brain (27) , which could result in decreased perfusion through these vessels. The extent to which these alterations in microvascular ultrastructure impact neuronal physiology remain to be elucidated, and further investigation is needed to assess their impact on cognitive function.
Microvascular Plasticity
Previous investigations have demonstrated that aging is associated with an impaired capacity for wound healing (28, 29) as well as reduced angiogenic capacity in a number of different vascular beds. For example, vascular invasion of subcutaneously implanted polyvinyl alcohol sponges is reduced in aged mice (14) and rats (13) , and aged rabbits exhibit impaired angiogenesis in response to femoral artery resection (11) . In the brain, increasing age is associated with reduced cortical capillary plasticity following stroke (30) and in response to environmental enrichment (31) . Our study extends these previous findings and is the first to report an age-related deficit in angiogenesis in the rodent hippocampus following exposure to chronic hypoxia. The hypoxia model used in this study is especially advantageous for evaluating cerebral angiogenesis because it provides a potent, highly controllable, and noninvasive stimulus for vascular growth that is also a physiologically relevant challenge to aged animals, as reduced oxygen delivery to the brain is a key component of several pathological conditions including stroke and chronic heart failure.
We propose that a reduction in hippocampal vascular plasticity with aging, as our data illustrate, could contribute to a decline in cognitive function through several possible mechanisms. Impaired microvascular plasticity may reduce metabolic support for the physiological mechanisms that underlie the processes of learning and memory formation. These mechanisms, such as long-term potentiation (LTP) and long-term depression (LTD), which are electrophysiological correlates of learning and memory, undoubtedly alter metabolic demand within the hippocampus. To adequately match metabolic supply with this new level of demand, the vasculature within this region must alter delivery capacity. Impaired vascular plasticity could limit this adaptation, resulting in impaired learning and memory. Although direct evidence for this hypothesis is lacking in the hippocampus, a similar finding was demonstrated in the aged rat cortex following exposure to an enriched environment (31) . Additionally, recent studies indicate that the continual replacement of granule layer neurons in the DG is important for hippocampal function (32) and that a reduction in granule cell replacement in the adult hippocampus may decrease performance on some learning and memory tasks (33) . A study by Palmer and colleagues (10) revealed that the dividing cells in the subgranular zone that generate new granule layer neurons are found in clusters associated with blood vessels and that approximately 37% of dividing cells in this region express endothelial markers (10) . These findings were the first to suggest that neuronal and vascular plasticity may be intimately interconnected. More recent literature has shown that neural and vascular physiologies are indeed tightly coupled and that these systems share many common regulatory mechanisms [see (34) for review]. Therefore, there is emerging evidence for a close association between a decline in hippocampal vascular plasticity and decreased neuronal plasticity that contributes to age-related memory impairments.
Growth Hormone Treatment
Previous reports from our laboratory have demonstrated that, in aged animals, systemic treatment with growth hormone, which increases circulating levels of IGF-I, and administration of IGF-I directly to the brain both result in positive changes in hippocampal physiology, including improved performance on hippocampally dependent tasks of spatial learning (35) , increased synaptic plasticity (17) , and increased glucose utilization (18) . In addition, growth hormone and IGF-I have been shown to have an integral role in the growth, maintenance, and repair of the vasculature. Blood vessels have receptors for both growth hormone and IGF-I (7, 36) , and these hormones have been shown to promote endothelial cell proliferation and migration, tube formation, and angiogenesis in a number of tissues (37, 38) . These data suggested that growth hormone administration to aged animals may also impact microvascular density and plasticity within the hippocampus. The current study shows, however, that 6 weeks of growth hormone administration does not affect capillary density in the aged hippocampus and does not ameliorate the age-related deficit in hypoxiainduced angiogenesis. It is possible that growth hormone or IGF-I did not contribute significantly to hypoxia-specific microvascular growth and therefore provided no therapeutic benefit to the aged animals in this study. It is also possible that the duration of hormone treatment in the current study was insufficient to facilitate improvements in microvascular status, and further investigation is needed to elucidate whether prolonged treatment with growth hormone may provide some improvement in angiogenic capacity in the aging brain.
Conclusion
In this study we assessed the effect of aging and growth hormone treatment to aged animals on capillary density and angiogenesis in the rodent hippocampus. We report that aging does not alter capillary density but significantly reduces hypoxia-stimulated angiogenesis in this brain region. Additionally, administration of growth hormone to aged animals did not alter capillary density or angiogenic capacity. Further investigation is underway in our laboratory to elucidate the mechanisms underlying the age-related decline in microvascular growth in this brain region.
